As long as it is employed cautiously enough, the model approach is a useful tool to estimate simultaneously the size and the development of the shadow economy in several countries. However, a second method is necessary to calibrate the model. The currency demand approach can lead to highly implausible results; the size of the shadow economy might be largely overestimated. An alternative is the survey method. For real tests of whether a variable has an impact, procedures are necessary that do not use the same variables as those used to construct the indicator. Thus, to make progress in analysing the shadow economy, the model approach has a role to play, but it has to be complemented by other methods employing different data. The currency demand approach cannot be used as long as it employs the same variables for its constructions.
INTRODUCTION
Since the discussion about the size of the black economy 1 started in the 1970s with the studies by Feige (1979) and Gutmann (1977) , 2 various approaches have been developed 'to measure the unmeasurable' (Feld et al., 2011, p. 314) . 3 Three approaches dominate the literature: as a 'direct procedure' the survey method first applied by 4 and as 'indirect procedures' the modified currency demand approach first applied by Klovland (1984) and Tanzi (1980) 5 and the model approach dating back to Frey and Weck-Hannemann (1984) and Weck (1983) . The latter is today mainly applied by Schneider (together with many co-authors), who provides estimates for (at least) 145 countries all over the world and sometimes even for states in federal countries. 6 Today, he truly dominates the field. 7 The different approaches lead to very different results. The smallest numbers are generally provided by the survey method and rather high ones by the currency demand approach, whereas the model approach only provides a structure; to derive figures, the estimated model has to be calibrated using another method. Normally, the currency demand approach is employed. Thus, the estimates presented with the model approach are also rather high. Feld and Schneider (2010, p. 125) , for example, provide estimates for Germany in the year 2006 of 5-6% of the GDP using the survey method but 15% using the model approach. They intend to make these data consistent by adding to the results of the survey method 3-4% of the GDP due to material (used in the black economy), 4-5% for illegal activities and 1-2% for illegal activities already included in the official GDP. Thus, they arrive at a figure of between 13% and 17% of the GDP. Leaving aside the problem that they do not provide any source for these additional figures, a great deal of double counting is involved.
The material used by illicit workers is usually bought in legal shops, produced by legally operating firms and, therefore, included in the official GDP figures. 8 If it would be produced and/or traded on the black market, it should be included in the results of the survey method. The latter also holds for the black activities included in the official GDP. There is no rationale for why, when estimating the size of the shadow economy, the statistical offices should consider totally different activities from those about which people are asked in surveys. This does not hold for those illegal (often foreign) illicit workers in restaurants or in the construction industry. Their productive activities are hardly reflected in the surveys but belong to the shadow economy as long as their output is not reflected in the official statistics.
Another problem is criminal activities. They belong to the shadow economy as long as they are 'productive'. This holds, for example, for illegal banking, illegal lotteries or prostitution. Theft and robbery, on the other side, are simple redistribution and not production. Trivially, capital crimes are also not production and, therefore, not part of the shadow economy. Therefore, only parts of criminal activities belong to the shadow economy; they can hardly fill the gap 5. Currency demand equations were first estimated by Cagan (1958) , but he did not yet use these for estimating the size of the shadow economy. 6. See, for example, Buehn and Schneider (2012 ), Schneider (2005a , 2005b or, for the Austrian Bundesl€ ander, Schneider (2015a). 7. Among his very many publications see, for example, Enste and Schneider (2006 ), Schneider (2005a , 2011 , 2015a , 2015b or Enste (2000, 2002) . 8. It might be an indicator oflegaldo-it-yourself activities, which are typically not included in the shadow economy. Moreover, this holds only for the share that is not due to clandestine work. It might be difficult to draw a clear line, but this only reinforces the suggestion that the volume of these sales can hardly be employed as an indicator for the black economy.
between the figures produced with the model/currency demand approach and those produced with the survey method. Thus, it seems to be impossible to make the results of these two approaches consistent. Moreover, the figures presented by Feld and Schneider (2010) for the survey method are themselves rather high. To my knowledge, the only available survey data for Germany for the year 2006 are from the Rockwool Foundation Research Unit in Copenhagen 9 and the results are published, for example, in Feld and Larsen (2012a, p. 22) . Depending on the concrete approach, they obtain a figure of 0.60% or 1.83% of the GDP, respectively. 10 That year might, however, have been an outlier; the estimates are considerably lower than those in other years. But the picture does not change dramatically if we consider the mean of the years 2004-08. We then obtain values of 0.95 or 2.8 in relation to the GPD, respectively. Taking these figures into account, the discrepancy between the results of the different approaches becomes even larger. It is hardly believable that the illegal activities not captured in the official GDP can fill this gap.
One might argue that the survey method provides a lower bound and the model/currency demand method an upper bound of the possible values. However, the difference between 1-3% and 15% of the GDP is too large to draw any conclusion: the shadow economy might be negligibly small or dramatically large.
Trivially, we do not know the true values. Otherwise, the whole exercise would be superfluous. What we can do, though, is to perform plausibility checks. We will perform such checks for Germany, using the survey and the model/currency demand approaches. We will base these considerations on Feld and Schneider (2010) for the model/currency demand approach and on Feld and Larsen (2005 , 2012a , 2012b for the survey method. To reduce the considerable impact of sampling (and other measurement) errors in the surveys, we will build our calculations on the average of the years 2001-08 for which data are provided in these studies.
In the following, we will discuss problems of the survey method (Section 2), the model approach (Section 3) and the currency demand approach (Section 4). Then, applying these approaches, we will perform some plausibility checks for Germany in the year 2005 (Section 5). It will be shown that the estimates based on the combination of the model and the currency demand approach are highly implausible. We will also provide estimates for the German shadow economy from 1989/90 to 2007, based on the model approach but calibrated with the survey method. They are much smaller (and much more plausible) than those employing the currency demand method. Our conclusion is that the model approach has a role to play, but to produce plausible estimates, the survey method should be used for calibration, and to check whether, for example, the tax burden has an impact on the shadow economy, alternative procedures have to be used that do not employ these variables in constructing the indicator for the shadow economy (Section 6).
THE SURVEY APPROACH
In the surveys produced for the Rockwool Foundation Research Unit in Copenhagen, the subjects were first asked whether they have carried out activities in the black economy during the last 12 months. 11 Those who affirmed that they have were asked how many hours per week they spent on these activities. They were also asked for their average wage per hour. This allows the calculation of the number of hours worked and the wage bill in the black economy for that year. The problem is how to translate these figures into a value that can be compared with the official GDP. Feld and Larsen (2012b) propose two methods. First, they compare the average undeclared working hours per week as a proportion of the declared working hours. Based on the assumption that the average labour productivity is the same in the official and the shadow economy, they arrive at a size of the latter of 2.85% of the official economy. Second, they calculate the extent of undeclared work at the actual wages paid in the shadow economy as a proportion of the GDP. This leads to a value of 1.49%. Taking into account the fact that undeclared work (as measured by the survey) covers only part of the undeclared activities and relying on some earlier Scandinavian studies, they multiply these figures by 1.44, resulting in 4.10% and 2.15%, respectively.
The problem with the first approach is the assumption that the average labour productivity is the same in the shadow as in the official economy. This is hardly plausible. The shadow economy exists mainly in the area of services. Take, for example, services in the tourism industry, private lessons given by teachers or the painting of walls by clandestine workers. There, the role of capital is relatively low and, correspondingly, the average labour productivity, that is the relation between the value of the product and the value of the labour employed, is relatively small. Thus, the second approach based on the actual wages in the black economy seems to be rather justifiable. Not least, economic theory tells us that in such a truly unregulated labour market the wages should be equal to the marginal productivity and, given the low weight of capital in these processes, the marginal productivity should not be too far away from the average productivity. Even accepting the assumption of Feld and Larsen (2012b) that this might only be a lower bound and, therefore, multiplying the figure by 1.44 leads to very low figures compared with those of the model approach.
THE MODEL APPROACH
As mentioned above, the model approach dating back to Frey and Weck-Hannemann (1984) and Weck (1983) is the one that is mostly employed by Schneider and his co-authors. 12 Moreover, most figures about the size of the shadow economies in all the parts of the world are based on this approach. There are good reasons for this. It is the easiest to handle and most convenient approach to 11. A detailed description of the questions is given by Feld and Larsen (2005) . 12. It is often called the (DY)MIMIC approach: (Dynamic) Multiple Indicators, Multiple Causes.
See, for example, Feld and Schneider (2011, pp. 126ff.) or Schneider (2005a) .
estimate the developments of the shadow economies in many countries. One does not have to examine the details of the different countries; it is sufficient to use macro data that are easily available and sometimes data from international surveys as well. However, this is not without costs. An obvious problem is the assumption that the same coefficients hold for all countries, that is that the marginal effects are the same in all countries. It is at least not unreasonable to assume that the impact of high taxes in Scandinavian countries is different, for example, from that in Italy or Greece. On the other hand, such assumptions are common in most cross-country studies and hardly ever tested.
This approach, however, contains two more important problems. First, as mentioned above, the estimations produce only relative weights. Thus, another method is necessary to 'normalise' the estimates; their validity depends on the reliability of this second method. These methods typically rely on additional untestable assumptions. Second, it is impossible to draw statistically confirmed conclusions about causal relations in the real world, not in the estimated model, from these estimates. 13 A necessary condition for testing whether a variable x has a causal impact on a variable y is that the two variables are measured independently. The model approach assumes that causal relations exist and, therefore, estimates a linear combination of these (supposedly) causal variables that more or less fits several indicator variables. This linear combination is assumed to be a representation of the unknown variable 'black economy'. This is entirely legitimate, but it is an empirical test neither of the existence (or extent) of this economy nor of whether the causal variables really have an impact on the 'true' underground economy. Significant test statistics in the structural model only show that the explanatory variables employed contribute significantly to the variance of the constructed variable. We have to assume that this construction represents the black economy to make statements about possible causal relations. However, this assumption should be tested, and this test cannot be undertaken in the framework of the model approach. We need independent alternative estimates for such tests.
Such a critique might seem to be more Catholic than the Pope; using the method approach for other purposes, it is not uncommon that causal statements are made on similar weak grounds. There are, however, some reasons to take such a critique seriously. First, in recent decades we have learned to be much more cautious about speaking of causal relations because what we observe are often (at most) correlations. In this respect, some even speak of a 'credibility revolution in empirical economics'. 14 Taking this into account has serious implications for how model estimates of the black economy can be employed for scientific and policy purposes. Moreover, there is at least one additional paper that employs a different approach to estimate the development of the shadow economies of different countries: employing the electricity approach, Onnis and Tirelli (2010) present quite different results.
13. See also the critiques of Feige (2015) and Slemrod and Weber (2012) The model estimates of the black economy are by construction linear combinations of the explanatory variables and an error term. It is obvious that none of these explanatory variables can be employed in other models to test their impact on the black economy whenever the dependent variable comes from the model approach. 15 Such attempts are, however, sometimes performed. Davis and Henrekson (2004) find a highly significant impact of taxation on the shadow economy, Torgler and Schneider (2009) obtain a highly significant impact of tax morale on the shadow economy, Dreher et al. (2009) find a highly significant negative impact of the GDP per capita and finally Enste (2010) reaches the same conclusion for the impact of regulation. In all four cases, 'significant' results are 'found' for variables that were inputs to the construction of the dependent variable. These results are, of course, hardly astonishing; astonishing would rather be anything other than a statistically highly significant result.
As long as one believes in the model, it is legitimate to use it for policy recommendations. One can, for example, suggest reducing the tax burden to reduce the size of the shadow economy. It is, however, impossible to use the same model to check whether this policy is successful. If taxes are reduced, the model will predict a shrinking of the black economy. Whether this is really the case has to be checked with an estimate of the black economy that does not use the tax burden as an explanatory variable. This not only excludes estimates of the model but also estimates of the currency demand approach. To conduct the test, we need a different procedure.
As mentioned, such a study is performed by Onnis and Tirelli (2010) , applying the electricity approach. Like all other procedures, this approach has its pros and cons. There is no reason to believe that it has fewer problems than the model approach; it might even have more. So far, however, it is the only approach that has been applied to many countries and that does not employ the tax burden in constructing the size of the shadow variable. Thus, it is at least worthwhile comparing the time paths generated by the two approaches. Tremendous differences emerge. For Germany, for example, for the period from 1989/90 to 2003, Feld and Schneider (2010, p. 134 ) estimate an increase from 11.8% to 17.1% in relation to the GDP, whereas Onnis and Tirelli (2010, p. 47 ) predict a slight decrease from about 12% in 1990 to about 10% in 2005. Moreover, whereas Onnis and Tirelli show a strong decline in the German shadow economy between 1980 and 1990 from about 19% to 12% of the GDP, Buehn et al. (2009) report a strong increase from close to 8% in 1980 to more than 12% in 1990. For Germany, but also for other countries, the two approaches provide quite different general impressions: whereas the model estimates suggest an increase in the shadow economy during recent decades in most of the countries analysed, the electricity approach suggests a strong decrease. This difference, which is mostly pronounced for the 1990s, demands at least an explanation. On the other hand, both procedures predict rather high values, whichat least for developed countriesare hardly plausible.
15. See also the corresponding critique of Slemrod and Weber (2012) .
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THE CURRENCY DEMAND APPROACH
At first glance, using the currency demand approach to calibrate the results of the model approach seems to be a natural choice; the two approaches employ more or less the same explanatory variables, and, correspondingly, the developments predicted are quite similar. It has, however, its own problems. First, it also only produces a relative measure; other exogenously given information is needed to normalise the estimates to derive figures in relation to the GDP. Typically, it is assumed that in a specific (earlier) year the black economy was (close to) zero. 16 Second, as already mentioned in the seminal paper by Tanzi (1980) , a core assumption is that the velocity of cash money is the same in the underground as in the official economy. If there is considerable money hoarding in the former, the velocity might be much smaller and, correspondingly, the estimates of the size of the black economy also become much smaller. Ahumada et al. (2007) show how this assumption can be tested. They assert that it only holds when the income elasticity of the demand for money is one. They derive a correction and recalculate measures of the shadow economy for the published results of some countries. Although they find higher values for developing countries, they obtain considerably lower results for developed countries: 5.1% of the registered GDP instead of 8% for Norway between 1952 and 1978, 1.51% instead of 6.3% for Norway in 1978 and 10.4% instead of 14.82% for Australia between 1967 and 2000. 17 The original estimates are taken from Bajada and Schneider (2003) , and . 18 The currency demand approach is also criticised by Takala and Viren (2010) . First, they observe that the relation between banknotes and GDP was more or less stable in the 1980s and 1990s in Finland as well as in the euro area but increased strongly after 2002. Thus, in recent years there has been a dramatic increase in the cash demand, which can hardly be attributed to an increase in the shadow economy. Second, they compare Schneider's (2005a) estimate for Finland in 1989/90 of 13.2% in relation to the GDP with the Finnish estimates, which are in the range 1-2%. Their main criticism is the strong implausibility of Schneider's estimates: 'An estimate of 13.2% of GDP can be obtained by including all the value added of construction and the following expenditure categories in private consumption: alcohol, tobacco, transport services, restaurants and cafes, personal hygiene and beauty care. Needless to say, that this makes little sense because, for instance, smuggling of alcohol and tobacco is estimated to an amount, which is less than 1% of national account figures. According to most estimates, prostitution and drug trafficking account for less than 0.2% in Finland' (p. 529). Thus, at least for developed countries, the currency demand approach seems to produce figures that are much too high for the size of the shadow economy. 16 . For this problem of the 'initial condition,' see also Ahumada et al. (2008) . 17. For Australia, the value 14.82 is from the working paper version (p. 21). In the final version Bajada and Schneider (2003) report a value of 13.91 (p. 396). 18. Given their assessment 'that the level of econometric analysis in these studies is rather basic and casts doubt on their results' (p. 368f.), Ahumada et al. (2007) 'do not intend to provide accurate measures,' but just show that their correction can lead to quite different results.
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SOME PLAUSIBILITY CHECKS FOR GERMANY
Does this also hold for Germany? To answer this question, we allocate the 'GDP' of the shadow economy to its different sectors and compare it with the sectors of the official economy. To estimate the structure of the German shadow economy, we rely on the data for 2001-08 (approximately) provided by Feld and Larsen (2012a, Figure 9 .1, p. 72). In their research, the shadow economy is split into eight sectors (and a residual category). To smooth the data, we use averages for the three observations given. We use the year 2005 for the comparison because it is in the middle of the observation period of the survey data. 19 The results are presented in Table 1 . Two sectors dominate: agriculture and construction. The shares of both are approximately ten times as large in the shadow as in the official economy. 20 Table . 1A. in the Appendix.
We apply this structure to Feld and Schneider's (2010, p. 134 ) estimate of 15.4% in relation to the GDP for the year 2005. This leads to estimates for the shadow sectors of agriculture and construction that are approximately 80% and 50% higher than those of the official economy. This is highly implausible, and it indicates that the currency demand approach that is employed to calibrate the model estimates is hardly suited to this purpose. 21 An alternative is to use the survey data presented by Larsen (2012a, 2012b) . As a lower bound of the size of the shadow economy we use the average of the extent of undeclared work at the actual prices paid as a proportion of the GDP for the years 2001-07 provided by Feld and Larsen (2012b, Table 7.2, p. 59) . The results are presented in Table 1 , column 4. The shadow agriculture and construction sectors are now approximately one tenth of the official sectors; all the other shadow sectors are much smaller. These results are at least not implausible, but given the fact that not all the respondents to the surveys might fully disclose their underground activities and that not all such activities are captured by these surveys, the size of the shadow economy might be severely underestimated. However, even if we apply the correction factor of 1.44 proposed by Feld and Larsen (2012b, p. 61) , both shadow sectors are only about 15% of their official counterparts.
An upper bound might be derived if we base our estimates on the undeclared working hours as a proportion of the declared hours presented by Feld and Larsen (2012b , Table 7 .1, p. 58), assuming the same structure for the shadow economy and applying the correction factor of 1.44. Now, the shadow sectors of agriculture and construction are close to 50% of their official counterparts. This extent, though much smaller than the estimates based on the currency demand approach, is also hard to believe. It would, for example, imply thaton averageone third of all streets and buildings are produced Koch (2007, pp. 158ff.) .
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by illicit work. This indicates that the assumption behind these calculations, that the average productivity of labour is the same in the shadow as in the official economy, is hardly tenable. As mentioned above, despite its problems, the model approach has its advantages too. Accepting that the currency demand approachat least in this casedoes not lead to plausible results, nothing speaks against employing the survey approach to calibrate the model estimates. This is performed in Table 2 for Germany and the dates presented by Feld and Schneider (2010, Table 13, p. 134) . We employ the lower-and upper-limit estimates of Table 1 . As with the model approach, the figures show an increase in the shadow economy up to 2003 and a certain decline afterwards, but the figures are much less dramatic.
CONCLUDING REMARKS
As long as it is employed cautiously enough, the model approach is a useful tool to estimate simultaneously the size and the development of the shadow economy in several countries. One major problem of this approach is, however, that a second method is necessary to calibrate the model to obtain concrete figures. In the past, the currency demand approach has mainly been used for this purpose. Nevertheless, this approach also has its problems. One needs an initial condition to calibrate it, as well as an assumption about the velocity of money in the shadow economy. The typical 'na€ ıve' assumption that the velocity of money is equal in the two parts of the economy can lead to highly implausible results; the size of the shadow economy might be largely overestimated.
An alternative is to use the survey method to calibrate the model estimates. It has the advantage that it does not have to be calibrated itself, but the true size might be underestimated. This can be overcome by applying a correction factor. Moreover, the survey method allows statements about the structure of the shadow economy that can be used to check the plausibility of the estimates. This is relevant insofar as the model estimates cannot be used to test whether certain variables have an impact on the shadow economy as long as these variables are used in the construction of the variable 'shadow economy'. Furthermore, because the model procedure demands that all potentially relevant inputs should be incorporated, this holds for all relevant and available variables.
For real tests of whether a variable, for example the burden of taxation, has an impact on the shadow economy, procedures are necessary that do not use these variables in constructing the indicator. Thus, to make progress in analysing the shadow economy, the model approach has a role to play but has to be complemented by other methods employing different data. The currency demand approach is not suitable as long as it employs the same variables for its constructions. 
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